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(in We Coulter Electronics, InCj. 

^'^fhremTodied methods, device and 
system relate to precision movement of 

^tLTirspeS' the movement oi 
small volumes of fluid, for example hqmd 
15 Kicals and reagents in,analysis arrange- 

S'ofdev'S? TdTySfhJK- 
rmon^tTtSe preci^ -P-^i'S^ 
the volume movement, i.e. dispiacemeni. 

^;^xli« -ith the use of a d^P jce- 

m?nt device having a f Yf V^rie d S 
k a diaohragm which is pressure oryj" 

SSmrat device wMch has a ™b»Mtia* 

^^°?'rMf-di"Sl 



50 



u ^ cnhQtantiaUv the same shape and 

s JoiuTO with »fp»»*„f«":?- 

fS'^^iS^-S^^Sl^Srd'efel 
hv fhe periphery of each concave surface 

rF-ohe^^s» rs«s 

is a «uid displacement device 65 

aWdance with the just above set 

'° A^tof to the pt^t iav^Bioi, there 
l^^'^frovided a method for ..Utang • 

SStibS't'T' iSatet 



a sample ™terijl from a soaKe 

?^e»*th'°St„S'aisp'^S 
Sme AeSce- — | 
5'le'°d^5SLS=Sce"'S t "S"S S5 
Sc^ c^K surface, and the samph«| 
StSt bemg in contact with the sample 
mo4« the dlaphg to a second 
nodtion oonfonnmg against tne nrsa 
SSve surface and thereby drawing mto 90 



volume: swara»i^ 7., ° '^"^ <Jefined 
from the sK-^f samn)''°^""« 
5 diaphragm tT^ LTf^-^^ the 
against the second o?th« ° informing 
and thereby '^^^^.^^^ ^"rfacel 

element a tot* S3 ^^"^P^^g 

displacement viu?e S ,h?"/ • ° 
10 all of said first vn?, ''f " ^"'^ *us 

material aS' ^'^^ «^™Pie 

substance for cleaning 
prior to a Lxt S '^'"P ?"^ ^l^n^ent 
method. ^'''^ °f sampling by this 

'^•nvI^;LnTow":'ul b?i'''TT °f 
example, wirh « etce^fh;''^, 

20 fluid Vac^me/r^^^^^^^^^ view of a 

0f£S|chS^t1| -l-ive View 

^sl^dftS^--^^^^ 
Figure 4 if ?c[h indicated; 

and poJtioS: To£T''''' ''""'^^'^^ 

embodiment of a iinS " ^"^^^^ one 
embodying the deW^e^^S^Fj^^f,"^^^^^^^ 

30 Figures 5A-5D are ciw» • ' ^"'^ 
schematic and with nn? ""u*', P^«i^"y 
of another emb^iSHf ^^Jf 
sampling system of pLre J^'lJ"'?'^ 
, different stages of r.r,»ro,- showing 

35 Referring 1o Fku?rf^?u°° ^^"«of- 

displacement deviS 10 h?.' T^"^'"^ 
parts. Two of the nar ;,- P^^^P^' 
half shells ll I?wWcrcanT 
moulded and Drefp^Ki ° ^ mjection- 
40 identical a?d Stf 5l ^"bstantially 
The third partT f LT,"'^!- ^^°ges 19 
sandwichedTtwL tl^ diaphragm 16 
and 14 and E i^"" l^alves 12 

engaged through reihlf^ 
45 annular flangj. openings in the 

Each shell has a nioDle ->-> t,- v • 

ils flange Is £.3 A""'' by 

shells in^^^ t " ''^^"'P^' between the 
of the" d?athi£r"-X^^ *e total area 
nags 41. 42 « crooT clamping 
planar ai^ca de&,ef SvT^ ""^''^^ 
60 an amounfsuSt L*fhfw-''i: ""^ ''^ 
be able to 001^1^ *»Pbragm to 

i^^'assem^y "r^™"""" *e diapE 

« drivTthe dtph?a Jt?'' " ^PP"^'^ " 
°'aphragm mto engagement and 



moved by ETi«? *?Pbragm can be 

one to. 4 otr?r4r*SS^ 

device n a toeple-lflrp T.f- of the 

no^retching^'fhf Siap^^^^^^^^^^ little or 

Posi«ons^s"stete 
16'. both conforming wirh fh^ ^"d 
the chambers 30 and ?> I ^"u,' of 
ential pressure is erSploved 8° 
pushing or pulling fhf 7 u *° ''"^e, by 

its^'t4le-ff aSioS ''^^^S^ 

whfcr-\? elSSmel? ^ "^'--^ 

diaphragm can be mad^ nf f^^^P^^' the 85 

f 4?i„tr?ose5tetwt ^he^^^^l^™^- 
24 and the chamberrsQ 2 W 
chambers 46 and 48 enable ^nffi^?'"" ^0 
difterent al oressiTP t« k sufficient 
side of the^ diX^^^^^^ to either 

»°.to£lXk' nd%o«h'' 
PoSn" ^6^ a^S.;^)^^™ -0 05 
chamber 32 via ^"'"^u of the 

through the ninnl antechamber 46 
forced in S thi S. i^' \"d fluid will be 
chambe S tS?oui"?hf I'^ ^''^ ^«te- 
26 coupled there?!"^ ' from tube ,oo 

not change S tL sin el'.''™ 
dependant only unon fh» « volume is 

the chambei.''30"5S3 ?2 Jenl'"^"™^ °f 
rately reproducahip vr.i. I^^^' ^ accu- 
fluid is IcuS Llt^^^^P^^^^nt of 
A liquid sImnliL ^^^ice 10. 

fluid di3pLSl',i,tloVg^'^^ ^'^^ 
generally is ind ic^S l^^^g^J^ 1-3 110 
numeral lio in Figure 4 tJ «f"ence 
mcludes a sampling ej^jlnJ^/ '^^tem 110 
cuvette 112. The fluid H^ ' "^"'P'e a 
JO, a fluid cotecS 



10. a fluid cormectSS ff n'."''"' ^^^ice 
the device 10 with fh^ ™^ connecting 
^"vette ni' Tn? ' hKllii' ^''^ 
device 10 and a cnnfr^i , between the 
118 for comrdiiS°°^h°i valve arrangement 
device 10. The *^ operaUon of the 

chambers 46^8 ^1^22^' ^^O 
shown m Figure 4 P?^*^ 22. 24 are not 
drawing. The valve Sl/'tnplicity of 
mcludes a control valve r ff^^gement 1 1 8 
device 156 in the foj^ ^ ^brottMng 

As shown, a flu d S 5I f ^alve' 125 
source of vacuum Sd [ M'f'?^ *° ^ 
leadmg to a somc/l^r ""^ 'me 160 
nectedtothe vafve?54 ^ P^'^'^^^^e '^on- 

'""^'^*^ -bodiment of the .30 
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' J iJ^Sl air .taough tta liurf me , 
ullo the upper end 117 of the cuvette 112. 
' m methS of using the syjK" l'" « 
imtiated by operating l"' " " £ 

,0 connect the pressure l.n= 160 .h oug. the 

,5 Se n/S-S Into a bc^y o^sa-flj 

S,'«Vi'f^oS^^KHE^ 
line 158 to the device 10 to puu inc 

dTanhragm downwardly to the position 

20 sS?"?n Figure 4. In this ^ay ^ f ec'- 
quantity of fluid is drawn up from the body 
of liauid 166 into the cuvette 112. ine 
neeJr valve 156 throttles the suction 
aoDlied to the device 10 so that Ae 

25 diaphragni 16 can move slowly from the 
f„..1^f the cavitv 30 to the surface, of 

. . SfSiS^3?^T^ei thelicW^^^ 
iSfo^i? cuvette 112 is drawn there.i»to 
SLy and smoothly without splashing^ 

30 the liquid into , the upper end 117 ot ttie 

'"Soigh the sampling element 112 is not 
a limitation upon the scope of the invention 
the cuvette 112 and photometric elements 
35 130 and 132 are described as a practicd 
example. A photometric analysis now ran 
bf made by passing light through the 
cSvette from the source 130 to the photo- 
sSve device 132. Before or f er the 
40 photometric analysis, the low^^^^^d 122 of 
the cuvette 112 is removed from the bofly 
S li^d 166., Then, after the Pfotometnc 
anaiyVhas-been-made.-the^^ 



Sralarrco^ the-pr^l^ 
45 ?60 to the volume displacement device 10. 
fmove the diaphragm 16 against Ae mner 
Srface of the cavity 30 and thereby force 
tSe?Suid out of the cuvette 112. Next, wi h 
thi lower end of the cuvette 122 open to 
50 Z Sent air above a waste container 
not shown), the valve 154 ,s operated to 
comiect the vacuum line 158 to device 10 o 
draw a quantity of air into tiie cuvet U 112 
after wWch the valve 154 is connected to 
55 the pressure line 160 to operate the device 
10 to force the air out of the cuvette 112 
and in so doing to eject from the cuvette 
any droplets of liquid which may Jiavc 
clung to the interior side walls of the 

^ """as a' modification to the method of opera- 
ing the liquid sampling system described 
Xve. after the liquid J^ample is ejeOed 
from the cuvette 112. the cuvette 112 can 

65 be bwered into a source of rmse liquid 



manner described above. 

Also arid to save time to provide for a 
beue blowing oat of liquid f ^on; ^he cuve^^ 
112 the step of pushmg air through the /a 

r'\s/rvWst^^^^^^^^^ 

^^Sh^MS^tt^^^^^^^^ 

not be operated to puU air mto and then 
force air out of the curvette 112. . 

Turning now to Figures 5A-5D. another 
method of operating the embodied hquid 
SmSg is shown. With appropriate pres- 85 
su?e Sffe ential being applied to the dia- 
X«rn 16 it wiU lie in a neutral position 
ESn Ve Se^^^^^ 12. 14 as shown m 
FisuJe 5A. While the diaphram 16 is 
chnwn as being flat iii^ the neutral position, 90 
hi° of counsel not actually possible since 
the of the diaphram is peater than the 
Sanar irea of the cavity m each shell. The 
d aohram wiir actually be wrinkled. 

valve arrangement 218 is operable to 95 

comiect the cavity 30 to ^..^"^^J^. 
leading to ambient air, a Ime 246 leading 
o a fource of vacuum or to a line 248 
leadine to a source of pressure. If desired, 
a Seeing line 250 of tiie valve arrange- 100 
meSt 218 can include a, throttlmg device 
Sar to Se needle valve. 156 shown m 

^Tn\t method of utilizing the M^}^ 
sampling system and assuming the neutral 105 

position divides the volume de- 
S by the cavities 30 and 32 balf. the 
Sve arrangement 218 is pperated to con- 
•^^-the-cavitv-^0-to-the-ambient_a.ir hne 
5S\fthaf AUiaphram l6,is in a neutra 110 
nosition with half of the volume capacity of 
fhe Sc^ lO on either side of the diaphram 
tnd Sh air in the bavit^ Sl « is "jd«. 

V22 of the cuvette is lowered mto the Doay 
of Suid 166. SubsequenUy. the va ve 
:USent 218 operated to conn^^^^^ 120 
cavitv 30 to the vacuum Ime 246 as snown 
Reure 5B this results in a volume 
Ssp^Sent of one-half the volume ^P- 
ritv of the device 10 to draw that quantity 
nf tlS liauid in the container 168 upward y 125 
^to thf S^ette 112. .After a pbotom^nc 
analysis of the sample in the cuvette 112 is 
made and after the cuvette is removed from 
Sr^nSner 168 and placed, over a w^te 
fluid receptacle 260 shown m Figure 5C. 130 
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the valve arrangement 218 is operated to 
conunimicate the cavity 30 with the pressure 
line 248. The diaphram 16 thus is moved 
completely across the device 10 from the 
5 inner surface of the cavity 30 to the inner 
surface of the cavity 32. In this way, not 
only is the fluid in the cuvette 112 forced 
out of the cuvette 112, but also a quantity 
of air. which had been stored in the cavity 

10 32 and which is equal to one-half the 
volume displacement of the device 10. is 
forced out of the cuvette. This quantity of 
air serves to remove droplets of the sample 
liquid which may have clung to the interior 

15 side walls of the cuvette 112: Subsequently, 
and as shown in Figure 5D. the valve 
arrangement 218 is operated to connect 
again the ambient air line 244 to the cavity 
30 so that the diaphram 16 is returned to its 

20 neutral position and a quantity of air equal 
to one-half the volume displacement of the 
device 10 is drawn into the cavity 32. The 
system now is ready for the sampling of 
another liquid sample from a next con- 

25 tainer. 

From the foregoing description it will be 
apparent that the embodied displacement 
device, liquid sampling system and the 
methods of liquid sampling described pro- 
30 vide for a very efficient and precise sam- 
pling of liquid with httle or no cross con- 
tamination between samplings of liquid. 

WHAT WE CLAIM IS: — 

1. A method of making a fluid displace- 
35 ment device which has a substantially con- 
stant volume displacement, said method 
comprising the steps of: deform- 
ing a flexible inelastic diaphram 
to cause it to have substantially 

40 the same shape and surface area 
as the shape and surface area of each con- 
cave surface of a hollow body of fixed 
volume with oppositely facing, interior, 
similarly shaped, concave surfaces having 

45 substantially equal surface areas; and then 
clamping the periphery of the diaphram be- 
tween the peripheries of the concave sur- 
faces, and thereby mounting the diaphram 
for movement between and against the con- 

50 cave surfaces with the area of the diaphram 
within the space defined by the periphery 
of each concave surface of die hollow body 
being greater than the planar area defined 
by the periphery of each concave surface; 

55 diaphram movement from one surface to 
the other surface defining the fixed volume 
to be displaced. 

2. The method according to claim 1 
wherem the step of deforming comprises the 

^ steps of : holding the periphery of the dia- 
phragm between the concave surfaces; 
effecting a pressure differential on opposite 
sides of the diaphram such that the dia- 
phragm deforms to conform to one of the 

65 concave surfaces. 



3. The method according to claim 2 
wherein the pressure differential is obtained 
by applying fluid pressure to one side and 
vacuum to the other side of the diaphragm. 

4. A fluid displacement device made in 70* 
accordance with the method of any one of 
claims 1, 2 or 3. 

5. The fluid displacement device accord- 
ing to claim 4 including : fluid ports open- 
ing through the concave surfaces for esta- 75 
blishing $>ressure differential on opposite 
sides of the diaphragm for effecting dia- 
phragm movement. 

6. The fluid displacement device accord- 
ing to claim .4 or 5 including an annular 80 
ring on the periphery of each of the con- 
cave surfaces, for holding the periphery of 
the deformed diaphram therebetween. 

7. The fluid displacement device accord- 
ing to claim 6 wherein said diaphram and 85 
said annular rings have a substantially cir- 
cular periphery. 

8. The fluid displacement device accord- 
ing to any one of claims 4 to 7 wherein 
said diaphram is of a chemically inert 90 
material 

' 9. The fluid displacement device accord- 
ing to any one of claims 4 to 8 wherein 
said diaphragm is polytetrafluoroethylene. 

10. The fluid displacement device accord- 95 
ing to any one of claims 5 to 9 wherein 
each of the concave surfaces includes an 
antechamber interposed between the in- 
terior of the device and one of said ports. 

11. The fluid displacement device accord- lOQ 
ing to any one of claims 5 to 10 wherein 

a sampling element is coupled to one of 
said ports and pressure differential means 
are coupled to another port of coupling 
alternately to said device a source of pres- 105 
sure and vacuum such that said device 
draws liquid into and pushes liquid out of 
said sampling element when pressure dif- 
ferentials are created on both sides of said 
diaphragm. HQ 

12. The fluid displacement device accord- 
ing to claim 11 wherein said pressure dif- 
ferential means include throttling means for 
throttling the magnitude of the differential 
pressure aeated on both sides of said dia- 115 
phragm to cause said diaphragm to move 
slowly from one surface to the other thereby 
causing liquid to be drawn into and pushed 
from said sampling element smoothly and 
slowly. 120 

13. A method for utilizing a fluid dis- 
placement device according to any one of 
claims 4 to 12, the device being coupled to 
a sampling element for sampling a precise 
amount of a sample material from a source 125 
thereof, comprising the steps of: placing 

the diaphragm in a predetermined first posi- 
tion intermediate the two concave surfaces 
of the hollow body of the device, the dia- 
phragm and a first of the concave surfaces 130 



defining therebetween a pr^^^^^^^^^^^ 
volume which is siittifcantly less m 
total displacemem volum^^^^^ 
the sampling displace- 

the diaphragm to a secona p surface 
element a first voiumc^ aeftned volume; 

15 source of samp e ana ""^"^ a„ainst the. 
to a third position conforming againsi i 

J „f the roncave surfaces and tnereoy 
second of the concave ^^^^^^ ^ 

aiuinable repeatedly in e'^.^ l",;, ihis 
t,S3VS& .S?.-.1 0. ,he . 



oosilions is accomplish by ?«'^y'"'l ™ 

6™ »»a,fs„f.a» for''otoini.8 .he 35 

"'If ¥he' Si'lccording to any oae of 
1 ii, n m 15 including the step of throt- 

ff'thrrirof-hj^'aph.^^^^^^ 

S^SaS^Sf-'hesa^pUnS 
■"iT °The method for mating a fluid dis- 

^^^9'Tmetl^o^• utilizing a fluid displace- 50 
. JnUevice substantmlly as herem 
cribed with, reference to Figure 5. 
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